A Pre-Paving Baseline Inventory of Vehicle-Related Mortality on Mule Deer along, Seep Ridge Road, Book Cliffs, Utah by Hansen, D. Alex
1	  
	  
A	  Pre-­‐Paving	  Baseline	  Inventory	  of	  Vehicle-­‐
Related	  Mortality	  on	  Mule	  Deer	  along,	  Seep	  
Ridge	  Road,	  Book	  Cliffs,	  Utah	  
	  
By	  
D.	  Alex	  Hansen	  
April	  2013	  
	  
A	  capstone	  report	  submitted	  in	  partial	  	  








Committee	  Members:	  	  	  	  	  	  


















































Without	  proper	  mitigation,	  realigning	  and	  paving	  29	  km	  (18	  mi)	  of	  the	  Seep	  Ridge	  
Road	  (SRR)	  in	  the	  Book	  Cliffs	  of	  Utah	  could	  potentially	  contribute	  to	  a	  decline	  of	  the	  
mule	  deer	  herd	  in	  the	  area.	  	  As	  such	  I	  have	  initiated	  a	  study	  to	  record	  baseline	  data	  
for	   deer	   vehicle	   collision	   (DVC)	   rates	   and	   vehicle	   speed	   and	   volume	   prior	   to	  
completion	  of	  the	  paving	  project.	  	  	  	  Along	  with	  this	  I	  have	  compared	  the	  number	  of	  
deer	   carcasses	   resulting	   from	   DVC’s	   that	   were	   observed	   from	   the	   road	   during	  
weekly	  deer	  counts	  to	  the	  number	  of	  carcasses	  found	  immediately	  outside	  the	  view	  
shed	  of	  the	  road.	  	  This	  comparison	  was	  intended	  to	  provide	  a	  correction	  factor	  that	  
could	   be	   used	   to	  more	   adequately	   estimate	  DVC’s.	   	  Over	   the	   course	   of	   the	  Utah	  
Division	   of	   Wildlife	   Resources	   (UDWR)	   Book	   Cliffs	   deer	   study	   (see	   Part	   1	   of	   this	  
Capstone)	  biologists	  found	  approximately	  0.45	  DVC/km	  (0.28	  DVC/mi)	  during	  road	  
counts.	  	  More	  intensive	  DVC	  searches	  along	  the	  SRR	  as	  part	  of	  my	  study	  did	  not	  find	  
that	  DVC	  numbers	  were	  any	  greater	  than	  the	  UDWR	  counts	  suggest.	  	  The	  relatively	  
low	  DVC	  rate	  may	  be	  due	  in	  part	  to	  the	  slow	  travel	  speeds	  along	  the	  SRR	  (~87%	  at	  
or	  below	  35mph)	  prior	  to	  paving	  the	  road.	  	  In	  conclusion	  it	  was	  determined	  the	  pre-­‐
construction	  conditions	  of	  the	  SRR	  did	  not	  significantly	  contribute	  to	  the	  decline	  of	  
the	  Book	  Cliffs	  deer	  population.	  	  With	  this	  understanding	  and	  the	  establishment	  of	  
baseline	  data	  future	  research	  should	  be	  able	  to	  identify	  any	  change	  in	  the	  number	  





In	  2011	  the	  Bureau	  of	  Land	  Management	  (BLM)	  granted	  Uintah	  County	  Utah	  approval	  to	  realign	  
and	  pave	  the	  Seep	  Ridge	  Road	  (SRR)	  in	  the	  Book	  Cliffs.	  	  This	  project	  has	  caused	  apprehension	  
among	  wildlife	  officials	  concerned	  about	  additional	  mule	  deer	  (Odocoileus hemionus)	  
mortalities	  as	  a	  result	  of	  DVCs	  (personal	  communication	  with	  Utah	  Division	  of	  Wildlife	  [UDWR]	  
biologists,	  2010).	  	  The	  SRR	  paving	  and	  realignment	  project	  involves	  straightening,	  widening	  and	  
paving	  a	  narrow	  dirt	  road	  into	  one	  engineered	  for	  an	  85	  kmph	  (55	  mph)	  speed	  limit.	  	  Such	  
upgrades	  to	  the	  road	  can	  cause	  problems	  with	  habitat	  connectivity	  as	  wildlife,	  including	  mule	  
deer,	  utilize	  both	  sides	  of	  the	  SRR	  	  and	  are	  presented	  with	  a	  new	  obstacle	  limiting	  their	  
movements	  (Bissonette	  2007).	  	  A	  major	  portion	  of	  this	  road	  bisects	  crucial	  mule	  deer	  winter	  
range	  (Hanberg	  2000);	  this	  is	  an	  area	  where	  mule	  deer	  congregate	  for	  the	  winter.	  	  Currently	  the	  
UDWR	  is	  conducting	  a	  deer	  study	  in	  the	  area	  to	  determine	  what	  impacts	  the	  road	  project	  might	  
have	  on	  deer	  in	  the	  Book	  Cliffs.	  	  Preliminary	  results	  from	  the	  study	  indicate	  that	  pre-­‐paving	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road	  conditions	  are	  having	  little	  or	  no	  effect	  on	  the	  local	  deer	  herd	  in	  terms	  of	  DVCs	  (UDWR	  
unpublished	  data).	  	  UDWR	  biologists	  anticipate	  this	  will	  change	  once	  road	  improvements	  are	  
made.	  	  	  
	  
From	  November	  2009	  to	  present,	  biologists	  involved	  with	  the	  SRR	  deer	  study	  (primary	  sampling	  
effort)	  have	  confirmed	  five	  DVCs.	  	  Of	  the	  Five	  DVCs,	  four	  occurred	  in	  2012.	  	  To	  assess	  the	  
detectability	  of	  DVCs	  from	  the	  road,	  I	  have	  investigated	  the	  use	  of	  a	  double	  sampling	  technique.	  	  
In	  order	  to	  improve	  the	  accuracy	  of	  the	  DVC	  estimate	  along	  the	  road	  I	  have	  elected	  to	  expand	  
the	  UDWR	  study	  as	  part	  of	  my	  Master	  of	  Natural	  Resources	  (MNR)	  capstone	  project.	  	  For	  this	  
capstone	  I	  will	  make	  an	  effort	  to	  establish	  baseline	  data	  for	  the	  number	  of	  DVCs	  and	  record	  
vehicle	  speeds	  and	  volumes	  prior	  to	  the	  paving	  project.	  	  With	  this	  data;	  future	  researchers	  will	  
have	  a	  baseline	  with	  which	  to	  compare	  and	  track	  any	  changes	  associated	  with	  upgrades	  to	  the	  
road.	  	  	  
	  
	  
Overview	  of	  UDWR	  Deer	  Study	  
	  
The	  UDWR	  deer	  study	  has	  provided	  information	  on	  the	  current	  habitat	  usage	  for	  mule	  deer	  in	  
the	  Book	  Cliffs	  area	  along	  the	  SRR.	  	  Since	  November	  2009	  UDWR	  biologists	  have	  been	  recording	  
the	  locations	  of	  deer	  observed	  along	  the	  SRR	  on	  a	  weekly	  basis	  during	  the	  winter	  period	  
between	  1	  November	  and	  1	  March.	  	  During	  this	  time	  period	  deer	  are	  present	  in	  the	  Book	  Cliffs	  
winter	  range.	  	  Recording	  the	  location	  of	  deer	  has	  confirmed	  wintering	  mule	  deer	  are	  generally	  
confined	  to	  a	  region	  in	  the	  Book	  Cliffs	  identified	  by	  the	  UDWR	  as	  crucial	  winter	  range	  (Figure	  1)	  
with	  some	  usage	  on	  the	  outlying	  substantial	  winter	  range	  (Figure	  2).	  	  In	  addition	  to	  recording	  
deer	  locations	  along	  the	  SRR	  the	  UDWR	  study	  has	  incorporated	  radio	  telemetry	  surveys	  to	  track	  
the	  movements	  and	  mortality	  rates	  of	  adult	  does	  in	  the	  Book	  Cliffs.	  	  A	  total	  of	  100	  radio	  collars	  
were	  placed	  on	  adult	  does	  in	  the	  Book	  Cliffs;	  50	  along	  the	  SRR	  and	  50	  to	  the	  east	  in	  the	  Big	  
Park,	  Rabbit	  Mt.	  areas.	  	  As	  one	  of	  the	  biologists	  working	  on	  the	  study,	  I	  have	  taken	  the	  lead	  on	  
telemetry	  flights.	  	  The	  telemetry	  study	  of	  100	  deer	  has	  shown	  in	  most	  cases	  individual	  collared	  
deer	  in	  the	  Book	  Cliffs	  return	  to	  the	  same	  summer	  and	  winter	  ranges	  year	  after	  year.	  	  This	  
information	  has	  led	  biologists	  to	  believe	  that	  increased	  mortalities	  along	  the	  SRR	  caused	  by	  
DVCs	  will	  result	  in	  a	  localized	  population	  decline	  for	  those	  deer	  that	  frequent	  the	  areas	  adjacent	  
to	  the	  road.	  	  
	  
Results	  from	  the	  UDWR	  deer	  study	  have	  shown	  no	  appreciable	  difference	  in	  deer	  mortality	  
rates	  on	  the	  SRR	  side	  of	  the	  Book	  Cliffs	  as	  compared	  to	  those	  in	  the	  control	  group;	  32	  vs.	  29	  
respectively	  or	  10.7/yr.	  (SRR)	  and	  9.7/yr.	  (control).	  	  	  Additionally	  the	  radio	  telemetry	  study	  has	  
shown	  mortality	  rates	  are	  slightly	  higher	  on	  the	  winter	  range	  than	  on	  the	  summer	  range	  and	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mortality	  rates	  have	  been	  fairly	  consistent	  for	  all	  three	  years	  of	  the	  study;	  21%	  mortality	  rate	  
for	  2009-­‐10,	  19%	  for	  2010-­‐11	  and	  21%	  for	  2011-­‐12	  (Figure	  3).	  	  With	  the	  possibility	  that	  
increased	  DVCs	  could	  contribute	  to	  a	  population	  decline	  for	  deer	  wintering	  on	  the	  SRR	  side	  of	  
the	  Book	  Cliffs	  it	  is	  important	  to	  invest	  in	  appropriate	  mitigation	  to	  prevent	  this	  population	  
decline.	  	  According	  to	  UDWR	  biologists	  mitigating	  actions	  such	  as	  construction	  of	  deer	  crossing	  
structures	  and	  fencing	  will	  be	  required	  to	  prevent	  increased	  DVCs.	  	  As	  Cramer	  (2008)	  explains,	  
wildlife	  crossing	  structures	  and	  associated	  fencing	  are	  commonly	  used	  to	  safely	  pass	  wildlife	  
across	  roadways,	  preventing	  collisions.	  	  Without	  the	  use	  of	  appropriate	  crossing	  structures	  and	  
fencing,	  deer	  mortalities	  can	  be	  expected	  to	  increase	  to	  alarming	  levels.	  	  Romin	  and	  Bissonette	  
(1996)	  conducted	  a	  nationwide	  survey	  of	  highway	  departments	  to	  assess	  the	  effectiveness	  of	  
mitigation	  measures	  for	  reducing	  DVCs	  in	  the	  United	  States.	  	  They	  found	  91%	  of	  respondents	  
considered	  wildlife	  fencing	  effective	  in	  preventing	  DVCs,	  with	  another	  63%	  concluding	  crossing	  
structures	  were	  also	  effective,	  though	  there	  was	  no	  mention	  whether	  or	  not	  fencing	  was	  used	  
in	  conjunction	  with	  the	  crossings.	  	  The	  survey	  also	  showed	  a	  variety	  of	  other	  mitigation	  
measures	  had	  been	  employed	  including	  warning	  signs,	  reduced	  speed	  limits	  and	  habitat	  
alteration;	  however,	  of	  these	  methods	  none	  were	  found	  to	  be	  as	  effective	  as	  fencing	  and	  
crossing	  structures.	  
	  
In	  the	  Seep	  Ridge	  Road	  Environmental	  Assessment	  (BLM	  2011)	  Uintah	  County	  agreed	  to	  design	  
and	  install	  a	  total	  of	  six	  crossing	  structures.	  	  To	  date	  the	  County	  has	  installed	  three	  crossing	  
structures	  and	  plans	  to	  put	  the	  remaining	  three	  in	  place	  as	  the	  project	  progresses	  (Figures	  4,5).	  	  
Project	  engineers	  elected	  to	  use	  corrugated	  culverts	  with	  a	  width	  of	  24	  feet	  once	  buried;	  (figure	  
4)	  shows	  one	  of	  the	  crossing	  structures	  nearing	  completion.	  	  According	  to	  Cramer	  (2008)	  these	  
dimensions	  meet	  Utah	  Department	  of	  Transportation	  standards	  for	  mule	  deer	  crossing	  
structures	  and	  should	  adequately	  pass	  mule	  deer.	  	  Currently	  negotiations	  are	  underway	  as	  to	  
how	  much	  fencing	  will	  be	  installed	  and	  when	  it	  will	  take	  place.	  	  However,	  it	  should	  be	  
understood	  that	  without	  fencing	  to	  direct	  wildlife	  to	  the	  crossings	  it	  is	  very	  unlikely	  that	  the	  





In	  order	  to	  track	  any	  changes	  occurring	  in	  the	  number	  of	  DVCs,	  I	  have	  collected	  baseline	  data	  
for	  current	  DVC	  numbers	  and	  traffic	  conditions.	  	  After	  completion	  of	  the	  SRR	  paving	  project	  it	  
will	  be	  possible	  to	  compare	  the	  baseline	  data	  collected	  in	  this	  study	  to	  data	  collected	  once	  the	  




The	  first	  level	  of	  sampling	  was	  taken	  from	  vehicle	  count	  data	  which	  was	  a	  part	  of	  the	  UDWR	  
deer	  study,	  all	  carcasses	  located	  at	  the	  first	  level	  of	  sampling	  were	  paint	  marked	  to	  avoid	  
double	  counting.	  	  The	  second	  level	  of	  sampling	  involved	  a	  more	  intense	  search	  of	  the	  1.6	  km	  (1	  
mile)	  segments	  adjacent	  to	  the	  road	  on	  foot	  and	  horseback.	  	  Six	  of	  the	  secondary	  searches	  were	  
centered	  on	  the	  crossing	  structure	  locations	  and	  two	  were	  random	  locations	  within	  the	  crucial	  
winter	  range	  adjacent	  to	  the	  road	  (Figure	  6).	  	  The	  eight	  locations	  were	  searched	  three	  separate	  
times	  during	  the	  winter	  of	  2012	  beginning	  on	  10	  January	  and	  ending	  on	  23	  March.	  	  	  The	  search	  
was	  a	  visual	  survey	  along	  both	  sides	  of	  the	  road	  on	  foot	  or	  horseback	  looking	  for	  indications	  of	  
DVCs.	  	  Survey	  areas	  paralleled	  the	  SRR	  with	  a	  focus	  on	  those	  areas	  outside	  the	  view	  shed	  of	  the	  
road.	  	  Typical	  surveys	  began	  at	  one	  end	  of	  the	  sample	  area	  where	  I	  searched	  one	  side	  of	  the	  
road	  for	  1.6	  km	  (1	  mile)	  then	  crossed	  the	  road	  to	  continue	  the	  search	  on	  the	  opposite	  side	  of	  
the	  road	  until	  reaching	  the	  starting	  point.	  Upon	  locating	  a	  carcass,	  its	  location	  and	  condition	  
were	  recorded	  using	  a	  handheld	  Global	  Positioning	  device	  or	  GPS.	  	  	  
	  
A	  total	  of	  six	  carcasses	  (figures	  1	  and	  6)	  were	  located	  during	  the	  course	  of	  the	  search	  period	  
(secondary	  sampling	  effort);	  though	  none	  could	  be	  positively	  linked	  to	  a	  vehicular	  collision.	  	  
These	  six	  carcasses	  were	  not	  detected	  from	  the	  road	  at	  the	  first	  level	  of	  sampling.	  	  Of	  the	  six;	  
carcasses	  four	  were	  old	  bleached	  skeletal	  structures	  lacking	  any	  tissue.	  	  The	  other	  two	  animals	  
died	  more	  recently	  as	  evidenced	  by	  the	  condition	  of	  the	  carcasses.	  	  One	  (fawn)	  had	  died	  within	  
days	  of	  discovery	  and	  had	  been	  heavily	  scavenged	  leaving	  only	  a	  portion	  of	  the	  carcass	  behind,	  
while	  the	  other	  had	  been	  dead	  for	  a	  longer,	  indeterminate	  period	  of	  time.	  	  In	  a	  study	  by	  Santos	  
et.	  al.	  (2011)	  the	  question	  of	  wildlife	  carcass	  persistence	  after	  a	  wildlife	  vehicle	  collision	  was	  
raised.	  	  They	  determined	  that	  larger	  carcasses	  tended	  to	  persist	  longer	  mainly	  because	  they	  
were	  more	  difficult	  for	  scavengers	  to	  move.	  	  In	  order	  to	  test	  this	  theory	  I	  returned	  to	  the	  study	  
site	  and	  attempted	  to	  locate	  the	  carcasses	  during	  the	  summer	  of	  2012.	  	  Of	  the	  six	  carcasses	  
found	  during	  the	  study	  I	  was	  able	  to	  relocate	  all	  of	  them	  using	  the	  initial	  GPS	  waypoints	  taken	  
upon	  discovery.	  	  Based	  on	  the	  expected	  length	  of	  persistence	  for	  deer	  carcasses	  it	  is	  fairly	  safe	  
to	  assume	  that	  DVCs	  persist	  long	  enough	  to	  be	  discovered	  and	  recorded	  during	  carcass	  
searches.	  
	  
Baseline	  vehicle	  counts	  were	  also	  recorded	  using	  three	  separate	  vehicle	  counters	  along	  the	  SRR	  
(figure	  4).	  	  Each	  of	  the	  three	  counters	  was	  set	  up	  on	  two	  separate	  occasions	  for	  approximately	  
seven	  days;	  the	  first	  from	  30	  November	  through	  6	  December	  and	  the	  second	  from	  5	  March	  to	  
13	  March.	  	  Ideally	  a	  sampling	  approach	  timing	  the	  placement	  of	  the	  counters	  would	  have	  been	  
more	  random,	  however,	  this	  proved	  to	  be	  logistically	  challenging	  since	  scheduling	  the	  counters	  
and	  the	  technical	  support	  to	  operate	  them	  had	  to	  fit	  the	  time	  frame	  of	  the	  county	  road	  




Two	  of	  the	  counters	  were	  radar	  equipped	  and	  recorded	  the	  total	  number	  of	  vehicles,	  vehicle	  
direction,	  vehicle	  speed	  and	  time	  of	  day.	  	  The	  third	  was	  an	  older	  model	  only	  capable	  of	  
recording	  the	  total	  number	  of	  vehicle	  trips.	  	  The	  first	  of	  the	  three	  counters	  was	  placed	  at	  the	  
lower	  (North)	  end	  of	  the	  crucial	  deer	  winter	  range	  near	  the	  Buck	  Canyon	  turnoff.	  	  This	  was	  a	  
radar	  counter	  set	  up	  to	  capture	  data	  for	  all	  vehicles	  passing	  by	  including	  those	  turning	  down	  or	  
coming	  from	  Buck	  Canyon.	  	  The	  second	  was	  also	  radar	  equipped	  and	  was	  placed	  just	  to	  the	  
south	  of	  Kings	  Wells	  road	  at	  the	  approximate	  site	  of	  one	  of	  the	  proposed	  crossing	  structures.	  	  It	  
recorded	  data	  for	  vehicles	  going	  beyond	  Buck	  Canyon	  and	  the	  Kings	  Well	  road.	  	  The	  final	  
counter	  was	  placed	  at	  the	  approximate	  southern	  end	  of	  the	  crucial	  winter	  range	  near	  Pine	  
Springs	  and	  recorded	  a	  vehicle	  count	  only	  (Figure	  4).	  	  Results	  represent	  baseline	  data	  that	  can	  
then	  be	  compared	  to	  vehicle	  use	  data	  after	  the	  completion	  of	  the	  road	  improvements.	  	  If	  post-­‐
construction	  vehicle	  counts	  were	  found	  to	  be	  higher	  than	  the	  baseline	  counts	  the	  comparison	  
could	  be	  measured	  statistically	  through	  the	  use	  of	  a	  paired	  t-­‐test	  (Hayter	  2002)	  or	  similar	  





In	  an	  effort	  not	  to	  skew	  vehicle	  speed	  data	  I	  elected	  to	  censor	  out	  speed	  data	  for	  those	  days	  the	  
counters	  were	  installed	  and	  removed.	  	  This	  eliminated	  the	  possibility	  of	  recording	  false	  low	  
speeds	  for	  the	  technicians	  operating	  the	  sensors.	  	  Using	  only	  the	  data	  from	  the	  two	  speed	  
sensing	  vehicle	  counters	  a	  total	  of	  1066	  vehicle	  trips	  were	  recorded.	  	  This	  equates	  to	  an	  average	  
of	  42	  vehicle	  trips	  per	  day.	  	  Of	  these	  1066	  vehicle	  trips	  the	  vast	  majority	  (87%)	  were	  in	  the	  35	  
mph	  or	  slower	  speed	  range	  and	  there	  were	  none	  above	  50	  mph	  (Figure	  7)	  	  
	  
It	  is	  anticipated	  that	  vehicle	  speeds	  will	  increase	  significantly	  upon	  completion	  of	  the	  SRR	  
paving	  project.	  	  In	  order	  to	  demonstrate	  a	  statistically	  significant	  change	  in	  vehicle	  speed	  along	  
the	  SRR	  following	  the	  completion	  of	  construction	  a	  Chi-­‐squared	  or	  similar	  statistical	  test	  could	  
be	  used	  (Gotelli	  2004).	  	  I	  therefore	  recommend	  the	  analysis	  be	  used	  following	  the	  completion	  
of	  the	  road	  improvements	  by	  duplicating	  the	  vehicle	  speed	  counts	  at	  the	  same	  locations	  (as	  
alignment	  allows)	  and	  during	  the	  same	  time	  period.	  	  The	  important	  thing	  to	  understand	  at	  this	  
point	  is	  that	  if	  effective	  mitigating	  action	  is	  not	  taken	  (crossings	  and	  fencing)	  the	  number	  of	  
DVCs	  can	  be	  expected	  to	  increase	  which	  could	  in	  turn	  endanger	  motorists	  and	  kill	  deer.	  	  	  
	  
One	  desired	  product	  of	  the	  study	  was	  to	  generate	  a	  correction	  factor	  that	  could	  be	  used	  to	  
estimate	  the	  total	  number	  of	  DVCs	  based	  on	  the	  number	  of	  carcasses	  observed	  from	  the	  road.	  	  
This	  proved	  to	  be	  problematic	  for	  two	  main	  reasons;	  1)	  the	  number	  of	  carcasses	  was	  very	  small	  
and	  2)	  it	  could	  not	  be	  concluded	  that	  the	  carcasses	  found	  during	  the	  double	  sampling	  (off-­‐road	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sampling)	  had	  been	  killed	  by	  vehicles.	  	  As	  Huso	  (2011)	  explained	  there	  are	  many	  variables	  that	  
lead	  to	  imperfect	  detectability	  including;	  1)	  removal	  by	  scavengers,	  2)	  imperfect	  detection	  by	  
searchers,	  3)	  a	  variety	  of	  site	  and	  carcass	  specific	  covariates	  including	  vegetation	  
type/height/coloration	  and	  density,	  carcass	  coloration,	  size	  and	  micro	  topography,	  and	  4)	  
carcasses	  that	  fall	  or	  move	  after	  injury	  outside	  of	  search	  plots.	  	  With	  the	  influence	  of	  so	  many	  
variables	  and	  the	  extremely	  low	  sample	  size	  it	  would	  be	  difficult	  to	  claim	  this	  study	  has	  the	  
ability	  to	  generate	  a	  reliable	  correction	  factor	  for	  DVCs.	  	  A	  follow	  up	  of	  the	  study	  after	  the	  
completion	  of	  the	  SRR	  project	  does	  have	  the	  potential	  to	  generate	  a	  larger	  sample	  size	  for	  DVCs	  
if	  the	  number	  of	  DVCs	  increases	  as	  predicted.	  	  In	  the	  future	  biologists	  should	  be	  able	  to	  
extrapolate	  a	  reasonably	  accurate	  correction	  factor	  for	  DVCs	  along	  the	  SRR	  corridor.	  	  Currently	  
a	  statewide	  mule	  deer	  DVC	  study	  is	  being	  undertaken	  by	  Dan	  Olson	  (Ph.D	  student	  at	  USU)	  has	  
rendered	  preliminary	  double	  sampling	  data	  showing	  primary	  carcass	  sampling	  efforts	  from	  the	  
road	  detect	  approximately	  55%	  of	  all	  DVCs	  (personal	  communication	  with	  Daniel	  Olson,	  2012).	  	  
This	  statewide	  study	  can	  be	  contrasted	  with	  the	  SRR	  post	  construction	  double	  sampling	  to	  
compare	  how	  susceptible	  the	  Book	  Cliffs	  herd	  is	  to	  DVCs	  compared	  to	  other	  herds	  around	  the	  
state.	  	  	  	  




This	  study	  found	  little	  evidence	  to	  suggest	  that	  pre-­‐construction	  conditions	  of	  the	  SRR	  had	  a	  
significant	  negative	  impact	  on	  the	  Book	  Cliffs	  deer	  herd.	  	  With	  the	  establishment	  of	  this	  
baseline	  conclusion	  future	  repeated	  examinations	  should	  be	  able	  to	  determine	  the	  extent	  of	  
the	  increased	  negative	  impact	  to	  the	  local	  deer	  herd	  if	  in	  fact	  it	  does	  exist.	  	  It	  is	  my	  suggestion	  
that	  double	  sampling	  efforts	  based	  on	  the	  methods	  used	  in	  this	  study	  be	  implemented	  
following	  the	  completion	  of	  the	  SRR	  improvement	  project.	  	  This	  would	  provide	  a	  reasonable	  
comparison	  between	  the	  number	  of	  DVCs	  prior	  to	  paving	  the	  road	  and	  after	  its	  completion.	  	  
With	  this	  information	  a	  reasonable	  measurement	  of	  the	  impacts	  to	  the	  deer	  herd	  from	  the	  
upgraded	  road	  could	  be	  made.	  	  	  In	  addition	  to	  a	  comparison	  of	  the	  pre	  and	  post	  paving	  data	  a	  
follow	  up	  study	  would	  likely	  yield	  a	  higher	  number	  of	  DVCs	  providing	  a	  larger	  sample	  size	  to	  
compare	  against	  Dan	  Olson’s	  statewide	  DVC	  detection	  data.	  	  This	  comparison	  has	  the	  potential	  
to	  illustrate	  differences	  in	  DVC	  rates	  between	  deer	  herds	  acclimated	  to	  highways	  for	  decades	  as	  
opposed	  to	  herds	  just	  introduced	  to	  them.	  	  This	  could	  be	  very	  useful	  data	  with	  the	  potential	  to	  
help	  future	  biologists	  dealing	  with	  DVC	  impacts	  from	  new	  or	  improved	  roads.	  	  	  
	  
With	  the	  recommendation	  that	  double	  sampling	  take	  place	  post	  construction	  I	  would	  offer	  the	  
following	  as	  improvements	  to	  the	  study:	  	  First,	  if	  at	  all	  possible	  (based	  on	  manpower	  and	  
funding)	  I	  would	  recommend	  the	  second	  level	  of	  sampling	  occur	  on	  a	  more	  regular	  basis	  in	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order	  to	  improve	  the	  likelihood	  of	  differentiating	  between	  DVC	  mortalities	  and	  non	  DVC	  
mortalities.	  	  Second,	  I	  would	  suggest	  the	  development	  of	  a	  GIS	  view	  shed	  model	  be	  used	  along	  
the	  SRR	  to	  further	  direct	  the	  path	  of	  second	  level	  sampling	  transects.	  	  This	  could	  help	  avoid	  
guesswork	  involved	  with	  selecting	  sampling	  transects	  outside	  the	  view	  shed	  of	  the	  road	  and	  
within	  a	  probable	  distance	  traveled	  by	  wounded	  deer	  leaving	  the	  roadway.	  	  Lastly	  I	  would	  
recommend	  vehicle	  counters	  be	  installed	  for	  a	  longer	  duration	  in	  order	  to	  improve	  the	  accuracy	  
of	  the	  data	  they	  record.	  	  	  
	  
As	  the	  results	  of	  the	  study	  suggest;	  pre-­‐paving	  conditions	  along	  the	  SRR	  are	  not	  likely	  to	  cause	  a	  
population	  decline	  in	  the	  Book	  Cliffs	  mule	  deer	  herd	  if	  however,	  DVC	  rates	  climb	  due	  to	  road	  
improvements,	  a	  population	  decline	  along	  the	  SRR	  is	  likely.	  	  With	  three	  of	  the	  wildlife	  crossing	  
structures	  in	  place	  and	  three	  more	  slated	  for	  completion	  the	  problem	  is	  being	  addressed.	  	  Right	  
now	  the	  most	  important	  aspect	  in	  preventing	  DVCs	  is	  to	  secure	  the	  funding	  and	  support	  
necessary	  to	  install	  wildlife	  fencing	  along	  the	  road.	  	  Once	  the	  fencing	  and	  crossing	  structures	  
are	  in	  place	  future	  research	  can	  show	  whether	  additional	  mitigation,	  including	  additional	  





I	  would	  like	  to	  thank	  all	  those	  that	  made	  this	  project	  possible	  including	  my	  committee	  
members,	  Frank	  Howe,	  Layne	  Coppock	  and	  Judy	  Kurtzman.	  	  I	  am	  also	  grateful	  to	  my	  supervisor	  
Ben	  Williams	  and	  regional	  habitat	  manager	  Miles	  Hanberg	  for	  allowing	  me	  to	  take	  the	  time	  to	  
make	  this	  project	  a	  success.	  	  The	  Utah	  Division	  of	  Wildlife	  also	  deserves	  thanks	  as	  they	  have	  
afforded	  me	  with	  the	  opportunity	  to	  pursue	  my	  Master’s	  degree	  and	  provided	  me	  with	  the	  
time	  and	  equipment	  to	  complete	  this	  project.	  	  Additionally,	  the	  Uintah	  County	  road	  department	  
should	  also	  be	  acknowledged	  for	  providing	  the	  vehicle	  counters	  and	  related	  technical	  support	  
used	  in	  this	  project.	  	  Most	  of	  all	  I	  want	  to	  thank	  my	  good	  wife	  and	  children	  for	  putting	  up	  with	  








Bissonette,	  J.,	  A.	  and	  W.	  Adair.	  2008.	  Restoring	  Habitat	  Permeability	  to	  Roaded	  
10	  
	  
	  	  	  Landscapes	  With	  Isometrically-­‐Scaled	  Wildlife	  Crossings.	  Biological	  Conservation,	  141,	  pgs.	  	  	  	  	  	  
	  	  	  482-­‐488.	  
	  
Bureau	  of	  Land	  Management	  (BLM).	  2011,	  “Seep	  Ridge	  Road	  Paving	  Project	  Environmental	  	  	  	  	  
	  	  	  Assessment”,	  #UT-­‐080-­‐08-­‐0238.	  United	  States	  Department	  of	  the	  Interior,	  Bureau	  of	  Land	  	  	  	  
	  	  	  Management,	  Vernal,	  UT.	  
	  
Cramer,	  P.	  2008.	  Deer	  and	  Elk	  Wildlife	  Crossing	  Standards	  Recommendations	  for	  Utah.	  	  
	  	  	  Utah	  State	  University,	  Logan	  Utah.	  
	  
Gotelli,	  N.	  J.,	  and	  A.	  M.	  Ellison.	  2004.	  A	  Primer	  of	  Ecological	  Statistics.	  Ch.	  6	  	  
	  	  	  Sinauer	  Associates,	  Sunderland	  MA.	  
	  
Hayter,	  A.	  J.	  2002.	  Probability	  and	  Statistics	  for	  Engineers	  and	  Scientists.	  Duxbury	  Publishing,	  	  
	  	  	  Pacific	  Grove,	  California.	  
	  
Hanberg,	  M.	  B.,	  D.	  Olsen	  and	  S.J.	  Cranney.	  2000.	  RDG	  Big	  Game	  Winter	  Range	  	  
	  	  	  Study	  1999-­‐2000	  Baseline	  Inventory.	  Utah	  Division	  of	  Wildlife	  Resources	  Northeastern	  	  
	  	  	  Regional	  Office.	  Vernal,	  Utah.	  
	  
Huso,	  M.	  2011.	  An	  Estimator	  of	  Wildlife	  Fatality	  From	  Observed	  Carcasses.	  Envirometrics.	  	  
	  	  	  22:	  318-­‐329.	  
	  
Romin,	  L.A.,	  Bissonette,	  J.	  A.,	  1996.	  	  Deer:	  Vehicle	  Collisions:	  Status	  of	  State	  Monitoring	  	  
	  	  	  Activities	  and	  Mitigation	  Efforts.	  Wildlife	  Society	  Bulletin.	  24(2)	  276-­‐283.	  
	  
Santos,	  M.	  S.,	  Carvalho,	  F.,	  Mira,	  A.	  2011.	  How	  Long	  Do	  the	  Dead	  Survive	  on	  the	  Road?	  	  Carcass	  	  	  	  	  	  	  	  
	  	  	  Persistence	  Probabilty	  and	  Implications	  for	  Road-­‐Kill	  Monitoring	  Surveys.	  PloS	  ONE	  6(9):	  	  


























































































Speed	  Ranges	  MPH	  
Number	  of	  Vehicle	  Trips	  In	  Each	  Speed	  Range	  
Vehicle	  Trips	  
1066	  Total	  Trips	  
